Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



:,q,t,=cdbvGoOgle 



f 



<?. ;p, ?^^c^.J,,.x^ 



(^ 



'^^habS^ 




i 






b.,Goog[c * 



^:,.,Goog[c 



^:,.,Goog[c 



/•.' 



:..,Goog[c 



ELEMENTARY MANUAL 



QUALITATIVE CHEMICAL ANALYSIS. 



MAURICE PpRKINS, 



^^ 



NEW YORK: 

JOHN WILEY & SON, 535 BROADWAY. 

1867. 



:,q,t,=cdbvGoOgle 






Eoltrcil according to K» of Congrcu. in Ihe year 1W7, 

Bv MAURICE PERKINS, 

In Ike Quli'i Office of ihe Dinrift Coun of ihe Unhed Stata for the Southtn Diwia of 

NewYoA. 



Th« Nbw Vo«it PmnTIKG COHP^NV, 
Naw Yoke. 



C,q,t,=cdbvG00g[C 



THIS LITTLE MANUAL 

ie insciibiB 



TOKEN OF AFFECTION AND RESPECT 



FRIEND AND TEACHER, 

DR. SAUUEL ST, JOHN. 



:,q,t,=cdbvGoOgle 



:,q,t,=cdbvGoOglc 






TABLE OF CONTENTS. 



Introduflory, I 

First Group of the Metals, 3 

Potassium, 3 

Sodium, 4 

AmmODium, 4 

Second Group of the Metals, S 

Barium, '5 

Strontium, 5 

Calcium, 6 

Magnesium, 6 

Separation of Members of the Second Group, . . 7 

Third Group of the Metals, 8 

Aluminium, 8 

Chromium (Sesqui-eompounds), 8 

Separation of Members of the Third Group, . 9 

Fourth Group of the Metals, 9 

Manganese 10 

Iron {Proto-compounds), 11 

Iron (Sesqut-compounds), I3 

Nickel, 12 

Cobalt, 13 

Separation op Members of the Fourth Group, . . 14 
Fifth Group of the Metals, . - . ' . . .15 

Silver 15 

Mercury (Sub-compounds) . 16 

Lead, i? 

Mercury (Proto-compoundB), 17 

Copper, 18 

Bismulh, . -^ 19 



.:,.,Googlc 



Vi TABLE OF CONTENTS. 

SsPAXATiON OP Members op the Fifth Group, , . .19 

Sixth Group of the Metals, 20 

Arsenic, 21 

Gold, 21 

Platinum, 23 

Tin (Prot<M;ompoiinds), 23 

Tin (Bi-compounds^ 23 

Antimony, 24 

Separation of Members of the Sixth Group, . . .25 

First Group of the Acids, z6 

Giromic Acid, 26 

Sulphurous Add 27 

Hyposulphurous Acid, 2g 

Sulpliuric Acid, 28 

■ Hydrofluoric Acid, 29 

Phosphoric Acid, 30 

Boracic Acid, 30 

Silicic Acid, 31 

Carbonic Acid, 31 

Oxalic Acid, 32 

Second Group op the Acids, 33 

Hydrochloric Acid, 33 

Hydrobromic Acid, 34 

Hydriodic Acid, 34 

Hydrocyanic Acid, , . . ... . . .35 

Hydro ferrocyanic Acid, 36 

Hydroferricyank Acid, 36 

Hydro sulphuric Acid, 37 

Third Group of the Acids, 38 

Nitric Acid, 38 

Chloric Acid, 38 

Acetic Acid,' 39 

Preliminary Examinations, 40 

Solution of Bodies, 47 

A^ual Analysis. Deteflion of Metals — Simple Compounds, 49 
Detection of Metals — Complex Compounds, . . . .53 
Detection of Acids — Compounds soluble in Water, . . 60 
Detection of Adds — Compounds insoluble in Water, . . 64 



:,.,Goog[c 



ADVERTISEMENT. 



The students in the Engineering Department 
of Union College, and a small division of the 
undergraduates, are required to spend a few hours 
during two terms of the senior year in the labora- 
tory. 

The design of this arrangement is to give them 
a greater familiarity with the fadls and laws of 
Chemistry than is possible in the exercise of recita- 
tion alone, and, at the same time, to instruct them 
in the methods of analysing the more frequently 
occurring inorganic compounds. 

The time allotted to this exercise is too short for 
the study of the readlions of all the elements, and 
of those sele6led, the number of reaiflions admitted 
is limited by the condition that some hours must 
be employed in actual analysis. 
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VIU APVERTISEMEKT. 

The course taken has been to sele<5l from Pro- 
fessor Johnson's excellent edition of Fresenius, for 
each of the more commonly occurring metals, 
acids, and radicals, three or four of the most charac- 
teristic reaflions, to write these with a system of 
analysis upon the black-board, indicating the chemi- 
cal changes by the appropriate symbols, and to re- 
quire each student to copy the whole. 

The success that has attended this method of in- 
struflion and the suggestions of several chemical 
friends, themselves teachers, have induced the pub- 
lication of this little manual, in which the system 
pursued is given in the same brief form as pre- 
sented to the class. 

The writer gratefully acknowledges his obliga- 
tions to his friend and assistant, Mr. Charles A. 
Schaeffer, of whose suggestions he has frequently 
availed himself. 
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INTRODUCTORY. 



In the analysis of bodies, various methods are employed 
to bring each element into one or more familiar forms, 
either by combining it with another element, or by set- 
ting it entirely free, and for this purpose use is made of 
various reagents, both in a solid and liquid form. 

When the substance to be analysed is in solution, by 
adding to it a few drops of some known reagent, an inso- 
luble compound is separated. This is called z precipitate, 
and the action itself precipitation. Each precipitate, or 
group of precipitates, has its peculiar physical proper- 
ties, as form, color, etc. When it is curdy, it is called 
caseous, jelly-like, gelatinous ; when separating in flakes, 
flocculent. Sometimes the precipitate is crystalline and 
separates slowly, the feces of the crystals reflecting the 
light as they sink to the bottom ; but more frequently it 
is so finely divided as to appear amorphous. 

Generally the substance separated settles to the bottom 
of the fluid, bat sometimes it passes off in the form oif 
a gas, as ammonia, etc. 
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2 INTRODUCTORY. 

Precipitation is often accelerated by heating the fluid, 
or by agitation. ■ ' 

The precipitate is separated from the fluid by filtration, 
A disk of unsized paper is folded into a conical form, 
aixd placed in a funnel supported on a stand. The paper is 
first moistened with a little distilled water, and the mix- 
ture poured upon it ; the clear fluid passes into the ves- 
sel set below, while the precipitate remains on the paper. 
To free the precipitate from all soluble impurities, it is 
washed by pouring distilled water over it, until a drop 
from the point of the funnel leaves no residue upon pla- 
tinum foil 

The elements, or their compounds, are classified ac- 
cording to their Group Reactions, and distinguished firom 
each other by their Special Reactions. The same reac- 
tion may be at once a group and a special reaction. 

There are also negative and positive reactions : the 
first, when the. addition of a reagent causes no apparent- 
change, thus proving the absence of the element sought ; 
and the second, where a change occurs, thus indicating 
the presence of the element. 

The student should now proceed to make a careful . 
study of each of the elements or compounds, which are 
classified according to their group reactions. The inter- 
changes between the elements, as indicated by the sym- 
bols, should be carefully studied. 
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METALS. 



Section i. 

First Group. 

Potassium, K. Sodium, Na. Ammonium, Am. 

All sulphates, nitrates, carbonates, chlorids, cyanids, 

and other compounds of this group, are soluble in water, 

(To obtain immediate or satisfactory precipitates the 

solutions must be concentrated.) 

Section 2. 

Potassium, K. 

Proto-compounds of Potassium, give with Tartaric 

Add, a white crystalline precipitate of acid Tartrate of 

POTASSA. 

{K0,NOB+f2H0 = K0,H0t+N0.,HO).« 

None of the compounds of Potassium are volatilized') 

at a low red heat, when heated upon platinum foil in the 

* Instead of venting out the whole fbnnula of Tartaric Acid, 
Cg Hb 0,o 2HO, it is abbreviated thus, T,2H0. 

f A few drops of the solution, or a small piece ot the solid, is 
placed upon a piece of platina foil about an inch square, one end of 
which is held by a small pair 0/ tweezers, and then heated in the 
flame of the spirit-lamp. 
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flame. Heated upon a wire," the compounds of Potas- 
sium colour the flame violet, which, when viewed through 
a piece of blue glass, appears red. 

Section 3. 
Sodium, Na. 

Proto-compounds of Sodium, give with Tartaric Acid, 
no precipitate, the acid Tartrate formed being very 
soluble. 

Compounds of Sodium are not volatilized at a low red 
heat. 

Compounds of Sodium colour the flame yellow ; when 
viewed through blue glass, no flame is seen, the yellow 
ray not passing through the glass. 

Section 4. 

Ammonium, Am or NH4. 

Proto-compounds of Ammonium, give with Tartaric 
Acid, a white precipitate of acid Tartrate of Ammonia. 

Am CI + t,2HO = AmO,HO T + H CI. 
When a Hydrate of Potassa, Soda, Baryta, or Lime, is 
added to a proto-compound of Ammonium, and the mix- 
ture heated, Hydrate of Ammonia is given off, which 
can be recognised by the smell. 

AmCl 4- NaO.HO = AmO.HO + Na CI. 
Compounds of Ammonium are easily volatilized. 

* A piece of platinum wire with a small hook on one eod, is dipped 
into the solution, and then heated in the colorless flame of the lamp. 
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Section 5, 
Second Group. 
Barium, Ba. Strontium, Sr. Calcium, Ca. Mag- 
nesium, Mg. 
Neutral Phosphates, and Carbonates, of this group 
are insoluble. 

Section 6 

Barium, Ba. 

Proto-compounds of Barium, give with Carbonate of 

Ammonia, a white precipitate of Carbonate of Baryta, 

easily decomposed by dilute acids. 

Ba Cl+AniO,COj=BaO,CO,+Am CI. 
Soluble proto-compounds of Barium, give with 5«/- 
pkate of Strontia, a precipitate of Sulphate of Baryta, 
insoluble in acids. 

SrO,SOj + BaCl = BaO,SO, + SrO. 
With Sulphate of Lime, soluble compounds of Barium 
give a white precipitate of Sulphate of Baryta, which 
appears immediately. 

Ba CI + CaO.SOj = BaO,SOs + CaQ. 
Compounds of Barium (except the Silicate) colour the 
flame yellowish-green. 

Section 7. 
Strontium, Sr, 
Soluble proto-compounds of Strontium, give with Car- 
bonate of Ammonia, a white precipitate of Carbonate 
OF Strontia, easily decomposed by dilute acids. 
SrO.NO, -I- AmO,COs = SrO,CO, -f AmO.NO* 
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Soluble proto-compounds of Strontium, give with Sul- 
phate of Lime, white Sulphate of Strontia, insoluble 
in acids, and which does not make its appearance imme- 
diately. 

SrO.NOj + CaO,SOg = SrO.SOa + CaO.NOs. 

Compounds of Strontium, except Silicates, colour the 
flame crimson. 

Section 8. 
Calcium, Ca. 
Soluble proto-compounds of Calcium, give with Car- 
bonate of Ammonia, a white precipitate of Carbonate 
OF Lime, easily decomposed by acids. 

Ca CI + AmO.COi = CaO,COj + Am CI. 
Ammonia and Oxalate of Ammonia cause, in solutions 
of proto-compounds of Calcium, a white precipitate of 
Oxalate of Lime. 

CaO.SOj + AmO,6 = CaO,6 + AmO,SOs. 
When Sulphate of Magnesia is added to a solution of 
a proto-compound of Calcium, with a few drops of alco- 
hol, white Sulphate of Lime separates. 

Ca CI + IMgO.SOs = CaO,SOs + Mg CI. 
Salts of Calcium colour the flame reddish yellow. 

Section 9. 
Magnesium, Mg. 
Soluble proto-compounds of Magnesium, give with 
Carbonate of Ammonia no precipitate, or one readily 
soluble in Chlorid of Ammoniimi. 
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Hydrate of Potassa or Soda cause, in a solution of 8 
proto-compound of Magnesium, a white gelatinous pre- 
cipitate of HYDRATED OXYD OF MAGNESIUM, SOluble in 
acids. 

MgO,SO, + NaO,HO = MgO,HO + NaO,SO,. 

When Ammonia and Phosphate of Soda are added to 
a solution of a proto-compound of Magnesium, a white 
crystalline precipitate of double Phosphate of Ammo- 
nia and Magnesia separates. When the solution is a 
dilute one, the precipitate separates only after some time. 

2 (MgO,SO,)+Am 0,H0 +2 NaO,H0,P0j= 
2 MgO.AmO.POs + 2 (NaO,SO ) + HO. 

Compounds of Magnesium do not colour the flame. 



Separation of Members of the Second Group. 

To a small portion of the solution add Sulphate of 
Strontia, a white precipitate, separates. Barium, Sec. 6. 

To the other portion add dilute SO3 HO while boiling, 
filter and wash the precipitate thoroughly, 

A small portion of the precipitate upon the filter 
heated in the flame, colours it crimson from the presence 
of Strontium, Sec. 7. 

To the filtrate add Ammonia and Oxalate of Ammo- 
nia. Allow to Bland twenty-four hours. A white pre- 
cipitate. Calcium, Sec. 8, 

Filter, and add Phosphate of Soda. A white precipi- 
tate. Magnesium, Sec. g. 
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S HETALS. 

Section II. 

Third Group. 

Aluminium, A1. Chromium, Cr. 

Oxids, Carbonates, and Phosphates of this group are 

insoluble in neutral solutions. Sulphid of Ammonium 

precipitates them in the form of Oxids. 

Section 12. 
Aluminium, AL 

Soluble sesqui-compounds of Aluminium, give with 
Ammonia, a white gelatinous precipitate of Hydrated 
SESQUi-oxiD OP Aluminium, insoluble in an excess of 
the reagent. 
Al, 0;,3 SOs+ 3 (AmO.HO) ^ Al, Oj,3 H0+ 3 (AmO.SO,.) 

With Potassa or Soda, soluble sesqui-compounds of 
Aluminium give the same precipitate as with Ammonia, 
but soluble in an excess of the precipitant. The Alu- 
mina is reprecipitated, however, upon the addition of 
Cklorid of Ammonium to the solution, and heating it 

Compounds of Aluminium, except SUicates, when 
moistened by a few drops of a solution of the Proto- 
nitrate of Cobalt, and heated upon charcoal by the blow- 
pipe, give a bright blue slag. 

Section 13. 
Chromium, Cr. {Sesqui-compounds) 
Sesqui-compounds of Chromium are coloured green or 
violet. 

Soluble sesqui-compounds of Chromium, give with 
Ammonia, a dirty green precipitate of Hydrated ses- 
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0UH3XID OF Chromium, slightly soluble in an excess, 
and imparts a purple colour to the solution, 

Cr, 0„3 S0,+ 3 (AmO,HO)=Cr, 0^,3 HO+3 (AmO,SOs). 

With Soda or Potassa, the same precipitate is thrown 
down, but is easily dissolved in an excess, giving an 
emerald green solution. 

Sesqul-compounds of Chromium, colour the borax bead 
emerald green. 

When sesqui-compounds of Chromium are heated 
upon platina foil with Nitrate of Potassa, the Chromium 
is oxydized, and yellow Bichromate of Potassa formed. 

2 Cr, 0,+ K0,N0,= K0,2 Cr C-J-NOj. 

Section 14. 

Separation of Members of the Third Gbodf. 

Add to the solution Caustic Soda, until all the precipi- 
tate is redissolved, and then boil. The Sesqui-oxid of 
Chromium will be precipitated, while the Alumina will 
remain in solution. 

Section 15. 

Fourth Group. 

Zinc, Zn. Manganese, Mn. 

Iron, Fe. Cobalt, Co. Nickel, Ni. 

Oxids, Carbonates, and Phosphates of this group, are 
insoluble in neutral solutions. Sulpkid of Ammonium 
precipitates them from neutral or alkaline solution as sul- 
phids, soluble in acids, but insoluble in alkalies. 
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Section i6. 
Zinc, Zn. 
Soluble protchcompounds of Zinc, give with Sulphid 
of Ammonium, white Sulphid of Zinc, easily decom- 
posed by acids, but insoluble in Acetic Acid. 

ZnO.SOj + AmS = ZnS + AmO.SOj. 

With Ammonia, Soda, or Potassa, soluble proto-com- 

pounds of Zinc, give a white precipitate of the Hydrated 

PROTOxiD OF Zinc, easily soluble in an excess of the 

precipitant. 

ZnO,SOj + AmO,HO = ZnO,HO + AmCSO^. 
With Carbonate of Ammonia, soluble proto-compounds 
of Zinc, give a white precipitate of the Carbonate of 
Zinc, soluble in an excess of the precipitant. 

Zn CI + AmO,COj = ZnO,COs + Am O. 

Section 17. 
Manganese, Mn 
Proto-compounds of Manganese, are of a light pink 
colour. 

Soluble proto-compounds of Manganese, give with the 
Sulphid of Ammonium, a flesh-colored precipitate of the 
Proto-Sulphid of Manganese, decomposed by Acetic 
Acid. 

MnO.SOa + AmS = MnS + AmO.SO* 

With Soda or Potassa, soluble proto-compounds of 

Manganese, give a whitish precipitate of Hydrated pro- 

TOXiD OF Manganese, which, upon standing, turns 

brown from the formation of the Sesquioxid, 

Mn CI + NaO,HO = MnO.HO + Na CL 
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Compounds of Manganese colour the borax bead ame- 
thyst colour. 

When fused with the Nitrate of Potassa and Carbonate 
of Soda upon platinum foil, a light green salt of the Per- 
manganate of Soda is obtained. 

Section i8. 
Iron, Fe. ( Proto-compounds.) 
Hydrous proto-salts of Iron are of a light green colour. 

Soluble proto-compounds of Iron, give with the Sul- 
phid of Ammonium, a black precipitate of the Proto- 
SULPHID' OF Iron, decomposed by dilute Hydrochloric 
Acid. 

Fe CI + AmS = FeS + Am CL 

With Potassa, Soda, or Ammonia, soluble proto-com- 
pounds of Iron give a dirty green precipitate of the 
HvDRATED PROTOXID OF Iron, which tums brown from 
the formation of the sesquioxid. .- ^ 

FeO.SO. + AmO.HO = FeO.HO + AmO.SOj. 

With the Ferrocyanid of PotaSsium, soluble proto-com- 
pounds of Iron, give a bluish-white precipitate of Ferro- 
cyanid OF Iron and Potassium. 

3 {FeO,SO,) + 2 (K, Cfy) = Fe, K Cfyj + 3 KCSO,. 

With the Ferricyanid of Potassium, soluble proto-com- 
pounds of Iron, give a blue precipitate of Ferricyanid 
OF Iron. 

K, Cfdy -I- 3 (FeO,SO,) = Fe. Cfdy + 3 <KO,SO..). 

Proto-compounds of Iron impart to the borax bead, 
when heated upon charcoal, a bottle green colour. 
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Section 19. 
Ikon, Fe. ( Sesqui<ompounds.) 

Hydrous sesqui-compounds of Iron are yellowish red 
or brown. 

When Hydrosulphuric Acid is added to a solution of a 
sesqui-compound of Iron, the colour changes to a green, 
and Sulphur is precipitated, the sesqui- being reduced to 
a proto-compound. 

Fe» CI3 ■!- HS = 2 (Fe CI) + H ClH- S. 

Soluble sesqui-compounds of Iron, give with Sulpkid 
of Ammonium, a black precipitate of the Proto-sulphid 
OF Iron. 

Fe» Cij + 3 Am S = 2 (Fe S) + 3 Am CI + S. 

Soluble sesqui-compounds of Iron give, with the Ferre- 
ty anid of Potassium, a blue precipitate of Prussian blue. 
2 (Fej Clj) + 3 K, Cfy = Fe. Cfy 3 + 6 K CL 

Ferricyanid of Potassium, when added to a solution of 
a sesqui-compound of Iron, causes no precipitate, but 
deepens the colour of the solution. 

Soluble sesqui-compounds of Iron, give with Ammonia, 
Potassa, or Soda, a red precipitate of the Hydrated Ses- 
QUi-oxiD OF Iron, 

Fe, Clj + 3 (Am 0,H0) = Fe, CI, 3 HO + 3 Am CL 

Sesqui-compounds of Iron colour the borax bead red- 
dish-yellow. 

Section 20. 
Nickel, Ni. 
Hydrous salts of Nickel are of a green colour. 
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Soluble proto-compounds of Nickel, give with the Sul- 
pkid of Ammonium, a black precipitate of the Proto- 
SULPHID OF Nickel, not decomposed by dilute Hydro- 
chloric Acid. 

NiO,NOB+ AmS = NiS + AmO,NOj, 
With Soda or Potassa, soluble proto-compounds of 
Nickel, give an apple-green precipitate of the Hydrated 
OxiD OF Nickel. 

NiO.SOg + NaO.HO = NiO,HO + NaO.NOj. 

With Ammonia the precipitate is dissolved in an excess, 
the solution being oi a beautiful blue colour. 

Compounds of Nickel colour the borax bead violet 
while hot, but reddish brotvn when cold. 

Section 21, 
Cobalt, Co. 
Hydrous proto-compounds of Cobalt are of a red colour. 
With Sulphid of Ammonium soluble proto-compounds 
of Cobalt, give a black precipitate of the Proto-Sulphid 
OF Cobalt, insoluble in dilute Hydrochloric Acid. 
CoO,NOs+ AmS = CoS + AmO,NO,. 
With Soda or Polassa, soluble proto-compounds of 
Cobalt, give ablue precipitate of the Hvdrated Protoxid 
OF Cobalt, which turns green u[>on exposure to the air, 

CoCNOs -t- NaO,HO = CbCHO + NaO,N0B. 
■ Ammonia produces the same precipitate, which is solu- 
ble however in an excess, giving a solution of a red colour 
which depends upon exposure to the air. 

Compounds of Cobalt colour the borax bead blue. 
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Separation of Members of the Fourth Group. 

Add to the boiling solution of the members of this 
group an excess of Sulphid of Ammonium. Filter while 
hot, and wash with cold water, to which a few drops of 
Sulphid of Ammonium have been added. 

To a large quantity of cold water add a very little dilute 
Hydrochloric Acid. Pour it over the precipitate upon 
the filter and wash thoroughly. 

If the solution of Hydrochloric Acid has been dilute 
enough, the sulphids of Iron, Zinc, and Manganese will 
be decomposed and changed into chlorids, and washed 
through into the vessel beneath, while those of Cobalt 
and Nickel will remain upon the filter unchanged. 

Decompose the insoluble Sulphids of Nickel and Co- 
balt in strong Nitro-hydrochloric Acid. Evaporate until 
the excess of acid has disappeared, and add Ammonia until 
the precipitate caused has entirely dissolved. Set aside 
for a few days, when as the excess of Ammonia passes off 
the Nickel (Section 20) will separate as a green powder, 
while the fluid will assume a darker red from the oxyda- 
tion of the Cobalt. Section 21. 

To the solution of the chlorids add Ammonia to alka- 
line reaction, and then an excess of Acetic Add. Heat 
the mixture until it loses its deep red color, and filter as 
rapidly as j)ossibIe. The Iron will be precipitated as the 
Basic Acetate of Iron.. Section ig. 

Wash the precipitate and acidulate the filtrate with a 
few drops of Acetic Acid. Now add Sulphuretted Hy-' 
drogeti until the fluid smells distinctly of the gas. The 
Zinc will all be precipitated as the Proto-sulphid of 
Zinc. Section 16. 
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To the filtrate from the Sulphid of Zinc, add an excess 

of Ammonia. The Manganese will be. precipitated as the 
Proto-sulphid of Manganese. Section 17. 

Section 23, 

Fifth Group. 

Silver, Ag. Mercury, Hg. Lead, Pb. Copper, Cu. 

Bismuth, Bi, 

. .Oxids*, Carbonates, Phosphates, and Sulphids of this 
group are insoluble in neutral or alkaline solutions. The 
Sulphids are insoluble in dilute acids. 

Section 24 

Silver, Ag. 

Soluble proto-compounds of Silver, give with Hydro- 

sulpkuric Acid, a black precipitate of Proto-sulphid of 

Silver insoluble in Sulphid of Ammonium. 

AgO,NOg + HS = AgS + NOs,HO. 

With Hydrochloric Acid soluble proto-compounds of 

Silver, give a white caseous precipitate of the Proto- 

CHLORiD OF Silver, soluble in Ammonia, from which it 

is reprecipitated upon the addition of an acid. 

AgO,NOs + H CI = AgCl + HO.NOs. 
Potassa, Soda, or Ammonia, cause in soluble proto- 
compounds of Silver, a brown precipitate of the Hydra- 
ted Protoxid of Silver, soluble in a slight excess of 
Ammonia. ■ 

• Protoxids of Silver, Mercury, and Lead, are slightly soluble in 
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AgO, NOg + NaO, HO = AgO, HO + NaO, NOj. 

When any compound of Silver in a dry state, is mixed 
with three or four times its bulk of Carbotiateof Soda, and 
heated by the blowpipe upon charcoal, the Silver sepa- 
rates in the form of small metallic globules. 

Section 25. 
Mercury, Hg. (Sub-compounds.) 

All compounds of Mercury are volatilized, when heated 
upon platinum foil to a low red heat. 

When Hydrosulpkuric Acid, is added to a solution of 
a sub-compound of Mercury, the black sub-sulphid of 
Mercury is thrown down. 

HgaO, NOj + HS = Hgj S ^- NOs, HO. 

When Hydrochloric AAd, or a solution of any Cklorid, 

is added to a solution of a sub-compound of Mercury, 

white insoluble Sub-Chlorid of Mercury is thrown 

down. This turns black, upon the addition of Ammonia. 

HgjO, NO, + H Cl= HgjCl + NOs, HO. 

When Soda or Potassa is added to a solution of a sub- 
compound of Mercury, the black Hydrated Sub-oxid 
OF Mercury is thrown down. 

Hg O, NO. -h NaO, HO = Hg,0, HO -I- NaO, NO.. 

When a clean piece of Copper is boiled in a solution of 
a compound of Mercury, some Copper is dissolved, and 
the MercuryjSeparates, covering over the surface of the 
Copper with a grey film. When this is carefully dried 
and heated in a dry test tube, the Mercury is volatilized, 
and condenses upon the cooler part of the tube in minute 
globules. 



f 
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Section 26. 
Lead, Pb. 
When Hydrochloric Add, or any soluble chlorid, is 
added to a not too dilute solution of a proto-compound of 
Lead, a white precipitate of the Proto-chlorid of Lead 
is thrown down. This is soluble in an excess of boihng 
water, from which it crystallizes upon cooling. 
PbO, A + H Cl = Pb C! + A, HO. 
When Potassa or Soda is added to a solution of.^a ' 
proto-compound of Lead, the white Hydratbd Protoxyd 
OF Lead is precipitated, soluble in an excess of the pre- 
cipitant The precipitate from 4'K'K''»^^is not soluble 
in an excess. 

PbO, A + NaO, HO = PbO, HO + NaO, A. 
When Sulphuric Acid, or any soluble sulphate, is added 
to a solution of a proto-compound of Lead, white Sul- 
phate OF Lead is precipitated, insoluble in dilute Acids. 
PbO, A + SO3, HO = PbO, SOs + A, HO. 
When a solution of Chromate of Potassa is added to 
a solution of a proto-compound of Lead, the yellow Chro- 
mate OF Lead is precipitated. This is soluble in Soda 
or Potassa, but with difficulty in Nitric Acid. 

- PbO, A -t- KO, CrOg = PbO, CrO^ + A, KO. 

Section 27. 
Mercury, Hg. (Proto-compounds.) 
Soluble proto-com pounds of Mercury, give with Hydro- 
sulphuric Acid, at first a white, then a yellow, brown, and 
finally a black precipitate of the Proto-sulpijid of 
Mercury. 
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HgCl + HS = HgS + HCL 
With Potassa or Soda, soluble proto-compounds give a 
yellowish precipitate of the Hydrated Protoxid of 
Mercury, soluble in Cyanid of Potassium, 

Hg CI + NaO, HO = HgO, HO + Na CI. 
Protocklorid of Tin, added to a soluble proto-compound 
of Mercury, reduces it, and we have a white precipitate of 
the SuB-CHLORiD OF Mercury, 

2HgCl + SnCl=:Hg, Cl + Sn Cl» 

Section 28. 
Copper, Cu. 
Hydrous compounds of Copper are of a green or green- 
ish-blue colour. 

Soluble proto-compounds of Copper, when treated with 
Hydrosulpkuric Acid, are precipitated as black Proto- 
SULPHID OF Copper. 

CuO, SOa+HS = CuS4-SOj, HO 
When Soda or Potassa is added to a soluble proto- 
compound of Copper, a light blue Hydrated Protoxid 
OP Copper separates. 

CuO, SOs + NaO, HO = CuO, HO + NaO, SO^ 
When Ammonia is added to a solution of a proto-com- 
pound of Copper the Hydrated Protoxid separates. It 
is soluble in an excess giving a blue solution. 

terrocyanid of Potassium, gives with solutions of proto- 
compounds of Copper, a wine-red precipitate of Ferro- 
cyanid of Copper, 

2(CuO, SOa) -f- K,ay = CUiCfy -f- 2(KO, SO,.) 
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When Metallic Iron or Zinc is added to a solution of 
Copper, red Metallic Copper separates, adhering to the 
surface of the Iron or Zinc. 

Section ,29. 

Bismuth, Bi. {Ter-compounds) 

Soluble compounds of Bismuth, give with Hydrosul- 

phuric Acid, black Tersulphid of Bismuth, insoluble in 

Sulphid of Ammonium. 

BiO^, 3 NO5 -H 3 HS = BiS3 + 3 (NO., HO) 
Potassa, Soda, or Ammonia, throws down from solution 
of Salts of Bismuth, white Teroxid of Bismuth, insoluble 
in an excess of the precipitant or in Cyanid of Potassium. 
BiOs, 3 NOj + 3 (NaO, HO) = BiO„ 3 HO + 3 (NaO, NOj)." 
With Chromate of Potassa, Salts of Bismuth in solution 
give yellow basic Chromate of Bismuth, soluble in 
Nitric Acid, but insoluble in Soda. 

BiOa, 3 NOj + 2 (KO, CrO^ = BiOj, 2 CrOjl- 2 (KO, 
NOs) + NO5, HO. 
Dilute Sulphuric Acid causes no precipitate in Solution 
of Bismuth. When water is added in large quantities to 
solutions of Salts of Bismuth, a dazzling white precipitate 
of a basic salt separates. 

Section 30. 

Separation of Members of the Fifth Group. 

To the solution add Hydrochloric Acid, when all the 

Silver and Sub-chlorid of Mercury will be precipitated 

as insoluble Chlorids [together with a portion of the 

Lead]. Heat to boiling. Filter and wash with boiling 
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water until a drop of the filtrate shows no reaction of 
Lead. 

To the chlorids upon the filter add Ammonia. The 
Chlorid of Silver will pass through, being dissolved, while 
the Sub-chlorid of Mercury will turn black and remain 
undissolved. 

Examine the filtrate for Silver, Sec. 24. 

Dissolve the black residue in strong Nitric Add and 
examine the solution for Mercury, Sec. 27. 

To the filtrate fro;n Chlorids of Mercury and Silver, 
add dilute Sulphuric Acid and warm, all the Lead will 
be precipitated as the sulphate. Filter, Sec. 26. 

To the filtrate from the Sulphate of Lead add Ammonia 
in excess. All the Copper will be dissolved giving a blue 
solution. Filter and examine the filtrate for Copper, 
Sec. 28. 

Wash the Oxids of Mercury and Bismuth upon the 
filter with cold water containing Cyanid of Potassium in 
solution. All the Mercury will be dissolved as Cyanid 
of Mercury. 

In the Cyanid of Potassium solution the Mercury may 
be detected by Hydrosulphuric Acid. 

Dissolve the Ter-oxyd of Bismuth remaining upon the 
filter in Hydrochloric Acid, and test to be sure that it is 
Bismuth, Sec. 29. 

Section 31. 

Sixth Group. 

Arsenic, As. Gold, Au. Tin, Sn. Platinum, Pt 
Antimony, Sb. 

All Carbonates, Phosphates, and Sulphids of this group 
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are insoluble in neutral solutions. The Sulphids are 
soluble in Alkaline Sulphids, but insoluble in Acids. 

Section 32. 

Arsenic, As, {Ter and Penta-compouuds) 
When a soluble Penta-compound is treated with Hydro- 
sulphuric Acid, it is reduced to a Ter-compound. When 
Hydro-sulphuric Acid is added to an acid solution of a 
Ter-compound of Arsenic, yellow Ter-sulphid of Ar- ' 
SENic is precipitated, soluble in an excess of Sulphid of 
Ammonium. Upon the addition of an acid, the Penta 
SULPHID is precipitated. Both sulphids are soluble in 
Carbo'iate of Ammonia. 

As Oj + 3 HS=As S3 + 3HO. 
When a dry oxy-compound of Arsenic is heated in a 
dry test tube with anhydrous Acetate of Soda, Kackodyl, . 
C, Hg As, is given off. This smells like garlic. 

When any dry compound of Arsenic is thrown upon 
red-hot charcoal, it is volatilized, and a garlic-like odour 
given off. 

Section 33. 

Gold, Au. {Ter-compounds) 
Solutions of salts of gold are coloured yellow. Solutions 
of salts of gold, give with Hydro-sulphuric acid, a brown- 
ish-black Ter-sulphid of Gold, soluble in Sulphid of 
Ammonium, but insoluble in Carbonate of Ammonia. 
Au Cls-I- 3 HS=Au Si+ 3 HCl. 
When Proto-salts of Iron are added to a solution of Gold, 
the Gold separates in the metallic state, in the form of a 
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brown powder, insoluble in Hydrochloric or Nitric Acid, 
but soluble in aqua regia, 

Au Ci, + 6 (Fe O, SOg)=Au + 2 (Fe, Og, 3 SO3) + Fe, CI,. 
When we add to a solution of a salt of Gold, free from 
nitric acid, a mixture of a proto and a bi-compound of Tin 
or a few drops of proto-ckhrid of Tin and then concen- 
trated Nitric Acid, we have, in a very dilute solution, a pur- 
ple colour, but in a more concentrated solution, a precipitate 
oigoldpurple (purple of cassius). 

Section 34. 

Platinum, Ft. (Bi-compounds.) 

Salts of Platinum are coloured red or reddish-yellow. 
Bi-compounds of Platinum in solution give, with Hydro- 
sulphuric acid, black Bi-sulphid of Platinum, which 
often is only precipitated upon warming, and which is 
soluble in Sulphid of Ammonium. 

Pt Cla + 2 HS=Pt Sa + 2H CI. 

When Chlorid of Ammonium is added to a concentrated 
solution of a Platinum salt, a yellow crystalline. precipi- 
tate of the double Chlorid of ammonium and platinum 
separates. 

Pt Clj + Am.Cl=Pt Clj, Am CI. 
When a Proto-salt of Iron is added to a solution of a 
salt of Platinum, with Soda to alkaline reaiftion, and then 
heated to boiling, the Binoxid of Platinum is reduciid to 
the metallic condition which, when an excess of Hydro- 
chloric acid is added, remains undissolved in the form of 
black powder. 
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Section 35. 
Tin, Sn. ( Proto-compounds.) 

When Hydrosulpkuric Acid is added to a solution of a 
proto-compound of Tin, blackish-brown Psotosulphid of 
TIN separates ; soluble in Sulphid of Ammonium, and only 
slightly so in Carbonate of Ammonia. 

SnCI+HS=SnS-i-HC!. 

When the solution in Sulphid of Ammonium is acidu- 
lated with an acid, the yellow Bisulphid is precipitated. 

When Soda, Potassa, or Ammonia, is added to a solution 

of a proto-compound of Tin, the white Hydrated pro- 

TOXiD of Tm is thrown down ; soluble in an excess of 

the two first reagents, but nearly insoluble in the last. 

Sn CI -I- NaO, HO=SnO, HO -(- Na 01. 

When a few drops of a solution oi Ferricyanid 0/ Potas~ 
stum are added to an acid solution of a proto-compound of 
Tin, and then some Sesqui-chlorid of Iron, Prussian Blue 
separates imniediately. The sesqui-chlorid of Iron is re- 
duced to the proto-chlorid, the proto-chlorid of Tin being 
raised to a bi-chlorid. 
Fe« Cfy. + 2HCI + 2Sn Cl=Fe4 Cfy^ + HjCfy 4- 2 Sn Cl^ 

Section 36. 

Tis, Sn. ( Bi-compounds.) 

When Hydrosulpkuric Acid is added to a solution of a 
bi-compound of Tin, at first a white flocculent precipitate 
is formed, which, upon the addition of more acid, changes 
to a yellow, and which consists of the Bi-sulphid of Tin, 
soluble in Sulphid of Ammonium. 



:,q,t,=cdbvGoOgle 



24 UBTALS. 

Sn CI, + 2 HS=Sn S, + 2 HCl. 
When Potassa, Soda, or Ammonia is added to an acid 
solution of a bi-compound of Tin, the Hydkated Binoxid 
of Tin separates ; soluble in Soda or Potassa. 

Sn CI, -H 2 (Na O, HO)=Sn Og, 2 HO + 2 Na CL 
When Sulphate of Soda is added to a not too acid solu- 
tion of a bi-compound of Tin, white Hydrated Binoxid 
OF Tin separates. 

Sn CI, 4- 4 (Na O, SO,) + 4 HO=Sn Oj, 2HO + 2 NaCl 

. + 2 (Na O HO 2SOs.) 

With soluble bi-compounds of Tin, Ammonia gives a 

white precipitate, insoluble in an excess of the reagent 

Sn CI, + 2 (Am O, HO)=Sn Oj 2 HO + 2 Am CI. 

Section 37. 

Antimony, Sb. (Ter and penta-compounds.) 

When acid, soluble compounds of Antimony are treated 
with Hydrosulpkuric acid, orange-red Tersulphid op An- 
timony, is precipitated. This is insoluble in acids and in 
the Carbonate of Ammonia, but soluble in the Sutphid of 
Ammonium, from which it is reprecipitated by an acid in 
the form of the Penta-sulphid of antimony, 

Sb Og + 3 HS=Sb S3 + 3 HO. 

Ammonia, Potassa, or Soda, throws down from an acid 
solution of the Ter-compounds of Antimony, white Ter- 
oxiD of Antimony, insoluble in Ammonia, but soluble in 
an excess of Potassa or Soda, and precipitated from the 
solution upon the addition of Chlorid of Ammonium. 
When Tartaric Acid is present there is no precipitate. 
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Sb CI, + 3 Na O, HO=Sb , 3 HO + 3 Na CL 
When a mixture of an oxy-compound of Antimony, Car- 
bonate of Soda, and Cyanid of Potassium, is heated uf>on 
Charcoal, small brittle globules of metallic Antimonv 
are obtained. 

Section 38. 
Separation of the Members of the Sixth Group. 

Add Hydrosulpkuric Acid to the acid solution until the 
fluid smells distinctly of the gas. Warm, filter, and wash 
. thoroughly. To the Sulphids upon the filter add Carbo- 
nate of Ammonia, to which a few drops of acid have been 
added, or which has been changed to the Bi-carbonate 
by passing Carbonic Acid through a solution of the Pro- 
tocarbonate. Add until all the Arsenic has been re- 
moved. Sec, 32. 

Dissolve the remaining sulphids upon the filter in 
Nitro-Hydrochloric Acid, and evaporate until all excess 
of acid has been driven offl Dilute with water and add a 
solution of the Sulphate of Soda. Upon warming and 
standing for a short time all the Tin will be precipitated 
as the Hydrated Bin-oxid. Sec. 36. 

Filter, and to the filtrate add some crystals of the Proto- 
sulpkate of Iron, and warm. All the Gold will be pre- 
,cipitated in the form of a brown powder. Sec. 33. 

Filter, and to the filtrate add an excess of Soda, and 
boil. Add Hydrochloric Acid to acid reaction, when all 
the Iron will be dissolved, while the Platinum will re- 
main undissolved in the form of a black powder. Sec. 34. 

Filter, and 'pass Hydrosulpkuric /4i:(rf through the filtrate, 
when the Antimony will all be precipitated together with 
some Sulphur, Sec. 37. 
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Section 39. 
The Acids or Salt Radicals are divided into groups 
like the metals, according to their reactions. 

Section 40. 
First Group. 

Acids which are precipitated from their neutral solution 
upon the addition of Chlorid of Barium. 

Chromic Acid, CrOg, HO. Sulphurous Acid, S0» HO. 
Hyfosulpburous Acid, SjOj, HO. Sulphuric Acid, 
SOa, HO. Hydrofluoric Acid, HF. Phosphoric 
Acid, PCs, i HO. Boracic Acid, BoO,, HO. Oxalic 
Acid, CA. HO, or O, HO. Carbonic Acid, COj, HO, 
and Silicic Acid, SiOj, HO. 

This group is subdivided into : 

1st. Those acids that are decomposed in an acid solu- 
, tion upon the addition of Hydrosulpkuric Acid, or of a' 
strong acid, viz. Chromic Acid, CrO,., HO, Sulphu- 
rous Acid', SO,, HO, and Hvposulphurous Acid, SjOj, 
HO. 

Section 41. 
Chromic Acid, CrOj," HO. 
All Chromates are red or yellow. 
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When Hydrosulphuric Acid is added to an acid solution • 
of a Chromate, the Chromic acid is reduced, and Sulphur 
separates. The solution at first turns brown, and then 
green from the formation of the Sesquioxyd of Chro- 
mium. 

KO, 2 CrO, ■{- 3 HS + 4 SOj, HO = KO, SO, + Cr, O^ 
3 SOg + 7 HO -I- 3 S. 
Cklorid of Barium causes, in a neutral solution of a 
chromate, a light yellow precipitate of Chromate of Ba- 
ryta, insoluble in dilute Acetic Acid. 

KO, CrO, + Ba CI = BaO, CrO, + K CL 
When Acetate of Lead is added to a neutral solution of 
a chromate, yellow Chromate of Lead separates, inso- 
luble in Acetic Acid, but soluble in Hydrate of Soda. 
KO.CrOg + PbO, A = PbO, CrOa+ KO, A. 

Section 42. 

Sulphurous Acid, SO,, HO. 

When Hydrosulphuric Acid is added to an acid solution 

of a sulphite, sulphur is precipitated, water and Penta- 

thionic Acid being formed. 

S SO, + 5 HS = Sb Oa + 5 HO J- s S. 
Cklorid of Barium precipitates from neutral solution 
of the sulphites, white Sulphite of Baryta, but not 
when the Sulphurous Acid is free. 

NaO, SO, + BaCl = BaO, SO, + NaCl. 
When Sulphuric Acid, or any strong acid, is added to a 
Sulphite, Sulphurous Acid is set free, and may be recog- 
nised by the smell. 

NaO, SO, + SO„ HO = SO* HO + NaO, SO> 
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Section 43. 
HyposulphOrous Acid, SjOj,HO, 
When Hydrochloric Acid, or any strong scid, is added 
to a solution of a Hyposulphite, and the Hyposulphurous 
Acid set free, it is decomposed into Sulphur and Sul- 
phurous Acid. The latter may be detected by its 
odour. 

NaO.Si O, + HCl = NaCl + HO +S0, + S. 
When Hyposulphite of Soda is added to moist Chlorid 
of Silver, the latter is all dissolved. 

Section 44. 
2d. Acids that are precipitated from acid solutions by 
Chlorid of Barium. 
Sulphuric Acid, SOj, HO. Hydrofluoric Acid, HF. 

Section 4^. 
Sulphuric Acid, SO,, HO. 
When Chlorid of Barium is added to a solution con- 
taining Sulphuric Acid, either free or in combination 
with a base, white insoluble Sulphate of Baryta sepa- 
rates. 

SO^ HO + BaCl = BaO, SO3 + HCI. 
Acetate of Lead, when added to a solution containinfT 
Sulphuric Acid, causes a precipitate of Sulphate op 
Lead, insoluble in dilute acids. 

SO., HO + PbO, A = PbO, SO, + A, HO. 
When any oxy -compound of Sulphur in the dry state, is 
mixed with Carbonate of Soda, and heated upon charcoal 
with the blowpipe, it i& reduced to a Sulphid. When 
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this is moistened with a dilute acid, Sulphuretted hydro- 
gen is given off, which may be detected by the odour. 

If an excess of the carbonate has been avoided, the 
fused mass has a brownish-yellow colour. A portion 
placed upon a piece of bright silver, and moistened with 
a drop of Hydrochloric Acid, colours the silver reddish- 
black from the formation of the sulphid. 

The addition of Lime Water, or the Sulphate of Lime, 
to Sulphuric Acid, or to a soluble Sulphate, causes no pre- 
cipitate. 

Section 46. 
Hydrofluoric Acid, HF. 
With Chlorid of Barium, Hydrofluoric Acid, or a solu- 
ble Fluorid, gives a precipitate of the Fluorid of 
Barium, insoluble rn acids. 

KF + BaCl = BaF + KCl. 
When any Fluorid is mixed with a few drops of strong * 
Sulphuric Acid, Hydrofluoric Acid is given oflf. This 
attacks glass that is brought in contact with it, and as it 
is evolved, passes off in dense white fumes. 

KF + S0„ HO = HF + KO, SOj." 
When Lime Water or the Sulphate of Lime is added 
to a solution of a Fluorid, white gelatinous Fluorid of 
Calcium is precipitated. 

KF At CaO, SO CaF + KO, SOj. 

Section 47. 

3d, Acids which are precipitated from neutral solu- 
tions by Cklorid of Barium : — Phosphoric Acid, POb 
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3 HO ; BoRACic Acid, BoO,„ HO ; Carbonic Aero, COj ; 
HO ; Silicic Acid, SiO^ HO ; Oxalic Acid, O, HO. 

Section 48. 

Phosphoric Acid, PO^ 3 HO. 

When Chlorid of Barium is added to a neutral, or an 

alkaline solution of a Phosphate, white Phosphate of 

Baryta separates. It is soluble in Acetic Acid. 

2 NaO, HO, POs + 2 BaCl = 2 BaO, HO, PO, + 2 NaCl. 

When Ammonia and Sulphate of Magnesia are-addcdto 

a solution of a Phosphate, white crystalline Phosphate 

OF Magnesia and Ammonia separates. 

2 NaO, HO, POs + AmO, HO f 2 (MgO, SO,) = 
2 MgO, AmO, POs + 2 {NaO, SOJ HO. 
When a solution of a Phosphate is made slightly acid 
by a few drops of Nitric or Hydrochloric Acid, then a 
. very small portion of the Sesqui-chlorid of Iron added, 
and an excess of the Acetate of Soda, a yellowish-white 
precipitate of the Phosphate of the Sesquioxid of Iron 
separates. 

Section 49. 

Boracic Acid. BoO^ HO. 

Chlorid of Barium, produces in concentrated neutral 

or allialine solution of Borates, a white precipitate of 

Borate of Baryta, soluble in dilute Acetic Acid and in 

ammoniacal salts. 

NaO, EoO. + BaCl = BaO, BoO, + NaCi. 
If a Borate is mixed with Alcohol and Strong Sul- 
phuric Acid added, when the Alcohol is ignited, the flame 
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will be coloured greenish-yellow by the Boracic Acid set 
free. 

When a solution of a Borate is made slightly acid by 
the addition of Hydrochloric Acid, and a slip of Turmeric 
paper is dipped half its length into it, and then dried, the 
moistened half will show a peculiar red tint 

Section 50. 
Silicic Acid, SiOj, HO. 

Only the silicates of the alkalies are soluble in water. 

With Chlorid of Barium, solutions of the silicates give 
a gelatinous precipitate of the Silicate of Baryta, 
soluble in Acetic Acid. 

KO, SiOa + BaCl = BaO, SiOj + KCl. 

When Hydrochloric Acid is added to a not too dilute 
solution of a silicate, gelatinous Silicic Acid separates, 
which is insoluble in an excess of the acid. Sometimes 
when the solution is very dilute. Silicic Acid does not 
separate, but if the mixture is evaporated to dryness, 
upon the addition of water it remains undissolved as a 
white gritty powder. 

KO, SiOa + HCI = SiOj, HO + KCl. 

When an insoluble silicate is fused with four or five 
parts of Carbonate of Soda and Potassa, until all efferves- 
cence has ceased, upon treating the mass with water the 
Silicic Acid will go into solution in the form of an alka- 
line silicate. The insoluble oxids will remain and may 
be examined after solution in Hydrochloric Acid. 

Section 51. 
Carbonic Acid, COj, HO. < 

When Chlorid of Barium is added to a neutral or alka- 
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line solution of a Carbonate, white Carbonate dp 
Baryta is precipitated, which is easily decomposed by 
Acetic Acid with effervescence. 

NaO, CO, + BaCl = BaO, CO; + NaCI. 

When any free acid is added to a solution of a Carbo- 
nate, effervescence occurs, the Carbonic Acid being set 
free. 

NaO, COg + HCl = CO;, HO + NaCl. 

A lighted match plunged into the escaping gas is 
instantly extinguished, A drop of lime water on the end 
of a glass rod is rendered turbid by it, from the formation 
of the Carbonate of Lime. 

Litmus paper moistened and placed in the gas, turns 
red, but upon drying resumes its blue colour. 

Section 52. 
Oxalic Acid, C, O^, HO, or O, HO. 
When Chlorid of Barium is added to a solution of an 
Oxalate, white Oxaijite of Baryta is precipitated, inso- 
luble in dilute Acetic Acid. 

AmO, 6 + Ba Cl = BaO, O + Am CI 
When any soluble compound of Calcium is added to a 
neutral or alkaline solution of an Oxalate, white Oxalate 
OP LiUE is precipitated. This is insoluble in Acetic Acid. 
AmO, O + Ca CI = CaO, O + Am CI. 
When dry Oxalic Acid, or an Oxalate in a dry state, is 
heated with an excess of strong Sulphuric Acid, the 
Oxalic Acid is decomposed. Carbonic Acid and Carbo- 
nic OxiD are given off. The latter may be ignited at 
the mouth of the test-tube, and bums with a blue flame. 
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Cj 0„ HO + SO,, HO = CO, + CO + SO^ 2 HO. 

Section 53. 
Second Group of Acids. 
Acids which are not precipitated by Cklorid of Barium, 
but by Nitrate of Silver in acid solution. 
Hydrochloric, H CI ; Hydrobromic, H Br ; Hydri- 
ODic, HI ; Hydrocyamic, H Cy ; Hydro-ferrocyanic, 
HjCfy; Hydro-ferricyanic, HjCfdy; Hydro-sul- 
phuric Acid, HS, 

Section 54. 

Hydrochloric Acid, H CI. 

When Nitrate of Silver is added to a solution of a 

Chlorid or Hydrochloric Acid, white caseous Chlorid 

OF Silver is precipitated, insoluble in Nilric Acid, but 

soluble in Ammonia. 

H 01 + AgO, NO. = Ag Cl + N0(, HO. 
When the Binoxid of Manganese is added to Hydro- 
chloric Acid, or to a Chlorid with a few drops of strong Sul- 
phuric Acid, Chlorine is set free, and may be known 
by its odour and yellowish-green colour. 

Na Cl -I- MnO, + 2 (SO,, HO) = Cl + NaO, SO, 4- 

MnO, SO3 -h 2 HO. 
When a mixture of a dry Chromate and Chlorid, is 
heated with strong Sttlphuric Acid, a deep brownish-red 
gas of Chlorochromic Acid is given off, 

K Cl + KO, CrO, -1- 2 (SO, HO) = CrOj Cl -1- 
3 (KO, SO^ HO). 
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When this is allowed to pass into a solution of Ammo- 
nia, it is decomposed and yellow Chromate of Auuo- 
KiA formed. 

CrO, CI 4- 2 AmO.HO = AmO.CrOH Am CI + HO. 

Section 55, 

Hydrobromic Acid, HBr. 

With Nitrate of Silver, Hydrobromic Acid, or any 

solution of a Bromid, gives a yellowish-white precipitate 

of the Bromid of Silver, insoluble in Nitric Acid, and 

with some difficulty soluble in Ammonia. 

K Br + AgO,NO, = Ag Br + KO.NO^. 
When Chlorine water is added to a solution of a Bro- 
mid or to Hydrobromic Acid in not too large a quantity, 
the fluid turns yellowish-red from liberated Bromine. 
When too much Chlorine is added the colour is entirely 
discharged. A few drops of Chloroform, or the Bisul- 
phid of Carbon added to the fluid, and the whole shaken 
well together, is coloured red from the Bromine dissolved 
by it. 

K Br + CI. HO = Br HO + K 01. 

If Sulphuric Acid and the Bichromate of Poiassa are 

heated with a dry Bromid, a brownish-red gas is given off 

This is Bromine, and when passed into a solution of 

Ammonia does not colour it. 

3 K Br + 7 (iO., HO) -I- KO, 2 CrO, = 

3 Br -h 4 (KO, SOa) -I- Cr. O. , 3 SOg + 7 HO. 

Section 56. 

Hydriodic Acid, HI. 

When Nitrate of Silver is added to a solution of an 
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ACIDS, 35 

lodid, or Hydriodic Acid, yellowish-white Iodid of Sil- 
ver separates, sparingly soluble in Ammonia. 
KI + AgO, NO, = Agl + KO.NOi. 

When Chlorine water, or a few drops of strong Nitric 
Acid, are added to a solution of an Iodid, or to Hydriodic 
Acid, Iodine is set free. This is indicated by the purple 
vapours that are given off. When a few drops of Chloro- 
form, or Bisulphid of Carbon, are agitated with this, 
they assume a violet colour. Starch solution is coloured 
a beautiful blue. 

KI -f- 2 (NO., HO) = KO.NO, + N0< + 2 HO + I. 

When a mixture of an Iodid, Sulphuric Acid and 
Bichromale of Potassa is heated. Iodine is given oS, 
and may be recognised by its violet-coloured vapours. 

Section 57. 
Hydrocyanic Acid, Q NH or HCy. 

When Nitrate of Silver is added to a solution of a Cy- 
anid, or to Hydrocyanic Acid, white Cyanid of Silver is 
precipitated. This is soluble in Cyanid of Potassium, and 
with some difficulty in Ammonia, but insoluble in Nitric 
Acid. Heated upon Charcoal it is decomposed, and me- 
tallic silver remains. 

KCy -I- AgO.NOs = AgCy -|- KO,NO^ 

When a mixture of the Sulphate of the Protoxide and 
the Sesquichlorid of Iron is added to an alkaline cyanid, 
and then an excess of Hydrochloric Acid, Prussian Blue 
is precipitated. 

When a solution of a Cyanid is mixed with a slight excess 
of yellow Sulpkid of Ammonium \3Xi^'A. the solution appears 
yellowish, and then Ammonia added, and the mixture 
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wanned until it becomes colourless, and all excess of 
Sulphid of Ammonium is driven off, Sulphoctanid of 
Ammonium is formed. This when acidulated with 
Hydrochloric Add, gives upon the addition of Sesqui- 
chlorid of Iron, a deep red colour. (When the Hydro- 
chloric Acid is added there should be no evolution of 
Sulphuretted Hydrogen.) 

2 HCy + AmS, + 2{AmO, HO) = 2(AmCy Sj) + AmS 

+ 4 HO. 

Cyanid of Mercury does not react as other Cyanids. 

The Mercury must first be precipitated by Hydrosul- 

phuric Acid and the Hydrocyanic Acid then tested. 

Section 58. 
HYDROFERROCYANrc AciD, H, Oj^, Fe Cy or Hj Cfy, 
With Nitrate of Silver, solutions of Ferrocyanids, give a 
white precipitate of the Ferrocyan:d of Silver, inso- 
luble in Nitric Acid or Ammonia, 

Ka Cfy + 2(AgO,N06) = Afe Cfy + 2(KO. NO^. 

With Sulphate of Protoxid of Copper, solutions of Ferro- 
cyanids give wine-red Ferrocyanid of Copper. 

K, Cfy + 2(CuO,S08) -I- CujCfy + 2(KO,SOj). 
With the Sesquichlorid of Iron, solutions of the Ferro- 
cyanids give a blue precipitate of the Ferrocyanid of 
Irok. 

3(K,Cfy) + 2 FCjCIb = Fe^Cfyj + 6 KCl. 

Section 59. 
Hyd^ferricyanic Acid, HjCyj, FejCyj or HjCfdy. 
With Nitrate of Silver solutions of Ferricyanids give an 
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orange-coloured precipitate of Ferricyanid of Silver ; 
insoluble in Nitric Acid but soluble in Ammonia. 
KaCfdy + 3(AgO,NO^ = Ag^Cfdy + 3(KO,NO^. 
With the Sesquichlorid of Iron, solutions of the Ferri- 
cyanids give no precipitate, but only a deep red colour. 

With Protosalts of Iron Ferricyanids give a blue pre- 
cipitate of the Ferricyanid of Iron. 

KjCfdy + 3{FeO,S0j) + FCgCfdy + 3(K0,S0i). 

Section 6a 
Hydrosulphuric Acid, HS, 
Free Hydrosulphuric Acid may be recognised by its 
odour, which resembles that of putrid eggs. 

When Nitrate of Silver is added to Hydrosulphuric 
Acid, or a solution of a Sulphid, black Protosulphid of 
Silver is precipitated. 

HS + AgO.NOs = AgS +N0(, HO. 
When Hydrochloric Add is added to a solution of a Sul- 
phid, Hydrosulphuric Acid is given off When this is 
in such small quantities as to elude the sense of smell, a 
piece of unsized paper, moistened with a solution of the 
Acetate of Lead placed above the liquid, will be coloured 
yellow, yellowish-brown, or black, according to the amount 
of the gas given off. 

AmS -I- HCl = HS + AmCl. 

Any soluble sulphid in the dry state, upon being placed 

upon a bright piece of Silver, and moistened with water, 

stains the metal black from the formation of the Sulphid 

OF Silver. 
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ACIDS. 

Third Group of Acids. 



Acids which do not form insoluble precipitates with salts 

of Barium or of Silver. 

Nitric Acid, Chloric Acid, Acetic Acid. 

Section 62. 

Nitric Acid, NOj, HO. 

All Nitrates are soluble in water. 

When a Nitrate in the dry state is thrown upon Ignited 
Charcoal Deflagration ensues. 

When a nitrate is mixed with an equal volume of strong 
Sulphuric Acid, and the mixture allowed to cool, upon the 
addition of a solution of the Sulphate of the Protoxyd of 
Iron, it being added carefully so that the two shall not 
mix, the line where the two liquids join will show a purple 
or brownish tint from the oxidation of the Iron. If the 
solutions are now mixed, a clear brownish-purple fluid is 
obtained. 

Section 63. 
Chloric Acid, C10s,H0. 
All Chlorates are soluble in water. 
When any Chlorate in the dry state is thrown upon 
ignited Charcoal Deflagration ensues. 

When strong Sulphuric Acid is added to a solution of 
a Chlorate, the Chlorate is decomposed, Chlorochloric 
Acid being set free, which colours the solution intensely 
yellow and gives oiT the odour of Chlorine. 
3 (KO.CIO^ + 4 (SOjHO) = 2 (KO, 2 SOj) + KO,C10,+ 
(ClO^ ClOe) + 4HO. 
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When Hydrochloric Acid is added to a solution of a 
Chlorate, Wajer, Chlorine, and Chlorochloric Acid 
are given off 

2(K0,C106) + 4HCI ^ (C10s,CIO^ + 4H0+,2KCH-2CL 

Section 64, 
Acetic Acid, C,HjOj,HO or A, HO. 

All Acetates are decomposed at a low red heat. 

When a solution of the Sesquichlorid of Iron is added . 
to a solution of an Acetate, and then Ammonia untU the 
solution is nearly neutralized, the fluid turns to a dark red 
colour from the formation of the Acetate of the Sesqui- 
oxiD OF Iron. Upon boiling, the fluid becomes colourless, 
the Iron being precipitated as the basic Acetate. 

When an Acetate is heated with an excess of strong 
Sulphuric Acid, Acetic Acid is given off. 

NaO,A + SO^HO= NaO,SO + A, HO. 

When an Acetate is heated with an equal volume of 
strong Sulphuric Acid, and Alcohol, Acetate of the 
OxiD OF Ethyl is formed, which may be recognised by 
the agreeable odour given off. 

NaO, A +2(S0»H0) 4 C^HA = QHsO,A + NaO,2SOfc 
3HO. 
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PRELIMINARY EXAMINA- 
TION. 



Section 65. 
A careful examination of the physical properties, as 
colour, shape, etc., of the substance to be tested,.may often 
lead to some modification of the regular course of analysis, 
and no substance should be analysed without an exami- 
nation of this character, 
(a.) The substance to be examined is a solid. 

It should be finely pulverized* and a small portion 
tested by heating upon charcoal or upon a piece of 
platinum foil before the blowpipe flame, care being 
taken to use the least amount possible with satisfactory 
results. 
Is easily volatilized when heated upon Charcoal. 
Compounds of Ammonium. Some of Sulphur, de- 
tected by the odour. All compounds of Arsenic, 
recognised by the odour like that of garlic. 
Fuses without volatilizing, and without change of 

COLOUR. 

The greater part of the salts of the Alkalies. Some 

" If in large pieces, and quite hard, wrap a portion of it in a 
piece of strong paper and strike it a heavy blow with a hammer, 
then puIvErtze it more finely in a small porcelain or agate mortar. 
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of the Alkaline earths, some Silicates, and some 
Fluorids. 
Intumesces. Alum and some hydrous salts. 
Fuses, and covers the Charcoal with an incrus- 
tation OF an oxid. 

Antimony, Lead, Bismuth, Tin, Arsenic, and Zinc. 
Fuses with difficulty, giving a metallic bead. 

Silver, Gold, and Copper. 
Deflagrates. All Nitrates and Chlorates. 

Is INFUSIBLE AND WITHOUT CHANGE OF COLOUR. 

Baryta, Strontia, Lime, Magnesia, Silicic Acid, and 
many Silicates with Sesquioxid of Chromium, 
Aluminum, and their salts. 
Assumes a darker colour when heated. 

Protoxide of Tin and Antimomc Acid turn yellow. 
Protoxid of Lead, Teroxyde of Bismuth, wid Chro- 
mates turn brown. 
(^.) A small portion is intimately mixed with dry Car- 
bonate of Soda, the mass slightly moistened and then 
heated upon Charcoal, as above, until the Soda melts. 
The mass turns yellowish-brown, and when moistened 
with dilute acid gives off the smell of Hydrosul- 
phuric Acid, or a piece of the mass detached from 
the Charcoal, and laid upon a bright piece of Sil- 
ver with a drop of water, colours it reddish-black: 
the presence of some Sulpho compound is indicated. 
Shining ductile Globules appear. 

Tin, Copper, Gold, or Silver. 
Grey Infusible Powder remains. 
■ Nickel, Cobalt, or Irvn. 
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Metallic Grains with an Incrustation. 
Brittle and White, Antimony. 
Brittle and Brownish-Yellow, Bismuth. 
Malleable Yellow, Lead. 
Incrustation without Metallic Grains. 

Yellow when hot and white when cold. Zinc. 
(c.) Moisten the loop of the Platinum wire with a drop of 
Hydrochloric Acid, dip it into the powder, and expose 
it to the outer flame of the blowpipe. It colours the 
flame : 

Yellow, Sodium, or a compound of the alkalies con- 
taining this element. 
Violet, Potassium. 
Crimson, Strontium. 
Orange, Lime. 
Greenish- Yellow, Barium. 
Green, Copper or Boracic Acid. 
Blue, Arsenic, Antimony, Lead, Chlorid or Bromid 
of Copper. 
(d.) A small portion of the substance should now be 
heated in a glass tube closed at one end. 

Water is given off, condensing upon the cool part of 
the tube. Some hydrous salts, or water of crystal- 
lization, etc. 

Decrepitates. Due to the water retained mechanically 
between the plates of the crystals, Chlorid of So- 
dium, Fluorid of Calcium, etc. 

Gas is gives off. Without odour and extinguishing fire 
at the end of a match. Carbonic Acid. 

Odour of Sulphurous Acid. A Metallic Sulphid. (Usu- 
ally when Sulphur is present in this form y\ ddish- 
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yellow drops condense upon the cooler part of the 
tube.) 

Odour like Garlic indicates the presence of Arsenic. 
Sometimes this condenses upon the tube, giving a 
brilliant metallic coating or mirror. 

A WHITE COATING or PRECIPITATION on the coolcT part 
of the tube, if crystalline, indicates the presence 
oi Arsenious Acid ; if quite fusible, Teroxide of An- 
timony. Driven easily from one part of the tube 
to the other, some salt of Ammonium. 

Metallic coating separating into minute globules. 
Mercury. 

Turns black. Some organic compound decomposed 
upon heating, 

(ft) Fuse a small portion of the powder with " Phosphor 
Salt " (Phosphate of Soda, Ammonia and Water) in the 
outer flame of the blowpipe. 

It does not dissolve but floats in the hot bead. 
Silicic Acid or a Silicate. 

Dissolves, giving a colourless bead when cold, which 
is sometimes milky, Alumina, Baryta, Strontia, 
Lime, Magnesia. Remaining clear when cold, 
Oxid of Tin. When in considerable quantities 

yellow when hot, but COLOURLESS WHEN COLD, 

Zinc, Lead, Antimony, Opal Bismuth. 
A YELLOWISH bead, which, when saturated, is of an opal 
colour, and viewed by the light of a candle, reddish, 
Silver,^ 

At first YELLOWISH-RED, THEN GREEN, AND AT LAST 

COLOURLESS, or whcn a large quantity is present, at 
first dark red, and as it cools, reddish-brown, dirty 
green, and then brownish-red, Iron. 
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At first reddish, then yellow, or when a large quantity 
is present, at first brownish-red, and then reddish- 
yellow. Nickel, 

Violet or Amethyst Coloured. When the tint is very 
delicate, a crystal of Nitrate of Potassa, added to 
the bead while still hot, causes the colour to darken 
materially. Manganese, 

Blue, Cobalt. When hot, green, but when in large 
quantity, greenish-blue. Copper. 

Yellowish-green. When hot, reddish, but when cold, 
green, and when a crystal of Nitrate of Potassa is 
added, and the bead heated, turning yellow, and 
upon addition of a small piece of charcoal, green 
again. Chromium. 

(/) Take a portion of the finely divided substance, place 
it in a test tube, pour a few drops of strong Sulphuric 
Acid upon it, and heat gently. 

Colourless gas given off, that bums with a blue fiame. 
Carbonic Oxid from decomposition of Oxalic Acid. 

Shells of Sulphurous Acid, a Sulphite or a Hyposul- 
phite. 

Gives off smell of Sulphuretted Hydrogen, a me- 
tallic Sulphid. 

A white curdy precipitate. 

When a drop of Nitrate of Silver on a glass rod is 
held over it, a metallic Chlorid. 

A PIECE of ignited charcoal burns brighter in the gas, 
and the substance turns brown, a Chromate or 
Peroxid. 

A GAS THAT HAS NO ODOUR, but that extinguishes an 
ignited piece of charcoal, Carbonic Acid. 
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Odour of bitter almonds indicates a cyanid. When the 

residue is bluish-green, aferro ot fefri-cyamd. 
Violet Vapours sometimes condensing on the cooler part 

of the tube in small steel-coloured plates, an lodid. 
Reddish brown vapour, Bromine. 
Reddish fumes. Nitrous or Nitric Acid. 
A YELLOWISH GAS, Smelling of chlorine, a Hypochlorite 

or a Chlorate. 
White fumes that attack the glass, a Fluorid. 
Turns black from separation of Carbon, an Organic 

Compound. 
No GAS IS GIVEN OFF. — The substance may be an Oxid, 

Phosphate, Silicate, Sulphate or Borate. 

Section 66. 

The SUBSTANCE to BE EXAMINED IS A FLUID. 

(a.) Evaporate a small portion to dryness upon platinum 
foil, to see whether there is anything in solution. 

No RESIDUE at a low red heat remains. The solution 
may contain Ammonia, Carbonate of Ammonia, 
or Acetic Add, 

A RESIDUE WHICH VOLATILIZES at a low red heat. A 
salt of Ammonia or Mercury, or Sulphuric, Phos- 
phoric, Nitric, Hydrochloric or Oxalic Acids. 

The RESIDUE fuses. A salt of an alkali. 

Remains unchanged. A salt of an alkaline earth or 
Aluminum. 

Becomes darker. Salt of a metal. 

{b) Test a portion of the fluid with Litmus paper. 
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The solution is neutral. Salt of an alkah or an alka- 
line earth. Absence of members of the 3d, 4th, 
Sth or 6th groups of Metals f 

Reacts Alkaline. Hydrate of an S^h, Alkaline 
Earth, Oxid of Silver or Mercury If the fluid is 
yellow, it may consist of a Sulphid of the 6th group 
of Metals, in solution in an alkaline sulphid. The 
Sesqui-oxid of Aluminium, or Chromium, or Prot- 
oxid of Zine, may be present dissolved in an alkali. 

Reacts Acid. A free Acid, or it may be an acid salt of 
any of the Metals. To a drop of the solution, add 
a few drops of Carbonate of Soda. No precipitate, 
absence of all Metals of 2d, 3d, 4th, 5th or 6th 
groups. 
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SOLUTION OF BODIES. 



Section 67. 
Solution of Bodies. 
If the substance is a fluid, pass on to the process 

of actual analysis, as in Sec. 68. 
If a solid, take a small portion, finely divided, put It 
into a test tube with water, and heat. 

If it is all dissolved. Pass on to Section 68. 

If a portion or all remains unaffected. Decant a few 
drops of the clear liquid and evaporate to dryness. 
If there is a residue, filter, and set the filtrate aside 
for further examination, as under Section 68. 

There is no residue upon the platinum foil. Pass on 
to (c) for it is not soluble in water, 

{c.) To the portion that is not dissolved, add Hydrochloric 
Acid, It dissolves completely. Pass on to Section 68. 

A portion only is dissolved. Add now a few drops of 
strong Nitric Acid, Heat until all smell of Chlo- 
rine has ceased. Dilute with water and filter from 
the insoluble residue, if there is any, and treat the 
filtrate as in Section 68. 
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{d.) The insoluble residue may consist of Silicic Acid or 
a Silicate, Sulphates of Baryta, Strontia or Lead, Alu- 
mina, Sesquioxid of Chromium, Anhydrous Sesquioxid 
of Iron, Fluorid of Calcium or Cryolite, Chlorid, Bromid 
or lodid of Silver, most of which have been detected in 
the preliminary examination. 
Wash the insoluble residue free from all Acid, dry and 
mix with two parts Carbonate of Soda, two parts 
powdered Charcoal, and ten parts Nitrate of Po- 
tassa. Place the mixture in an iron spoon and 
heat. The mass will de^agrate, and upon cooling, 
a fused black residue will be found. Place the spoon 
in a small beaker, and cover with water. The 
mixture will slowly disintegrate, the carbon sink to 
the bottom, while the alkalies will go into solu- 
tion. Filter. All the Fluorine, Chlorine, Bro- 
mine, Iodine, Sulphuric Acid, Alumina, and Chro- 
mium will pass through the filter, being in combi- 
nation with, or in solution in the alkali, and may 
be tested for in the filtrate, as well as some Silicic 
Acid. Dissolve the residue after thorough wash- 
ing in Hydrochloric Acid, and treat according to 
Sea 68. 
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ACTUAL ANALYSIS, 



Actual Analysis. 

Section 68. 

Simple Compounds, one Acid and one Metal. 

Detection of Metals. 

To a portion of the fluid, if not made previously acid 

by it, add Hydrochloric Acid. 

No PRECIPITATE. Pass on to (Aj, for there is neither Sil- 
ver, nor Suboxid of Mercury present, and if Lead, 
only in small quantities. 
A WHITE PRECIPITATE. Soluble ID boillng water, from 
which it is precipitated by dilute Sulphuric Add, 
Lead. Soluble in Ammonia, from which it is re- 
precipitated on addition of Hydrochloric Acid, 
Silver. 
Turns black upon addition of Ammonia, Suboxid of 
Mercury. Sometimes Sulphur separates from 
the decomposition of a Sulphite, or Hyposul|^i|e, 
or there is an evolution of Sulphuretted Hydrog^. 
Also a separation of a gelatinous precipitate of 
Silica insoluble in all menstrua. 
(/4.) To the solution in which Hydrochloric Acid has' 
failed to produce a precipitate, add Hydrosulphuric 
Add until the fluid smells strongly of it, and warm 
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No PRECIPITATE. Absence of members ol 5th and 6th 

groups. Pass on to (B). 
White PREtiPiXATE of Sulphur. Indicates presence of 

a Chromate or a Sesquisalt of Iron. If Iron is 

present, the solution takes a light green colour. If 

Chromium, the solution darkens. 

An ORANGE-COLOURED PRECIPITATE, ANTIMONY. 

A YELLOW PRECIPITATE, ArSENIC or BlNOXID OF TiN. 

Dissolve in Nitrohydro-chloric Acid, and to the 
solution add an excess of Ammonia, A white pre- 
cipitate indicates the presence of Tin. No preci- 
pitate, that it is Arsenic 

A PRECIPITATE at first WHITE, then yellow, brown, and 

FINALLY BLACK, MeRCURY. 

Brown, blackish-brown or black. The precipitate may 
be of Lead, Copper, Bismuth, Proto-sulphid of 
Tin, Gold, or Platinum. Pour upon the precipi- 
tate upon the filter, Sulpkid of Ammonium. It 
does not dissolve. This indicates that there is no 
Tin, Gold, or Platinum present. 

Dissolve the residue that is not dissolved by Sul- 
phid of Ammonium in Nitric Acid. Evaporate 
nearly to dryness, and dilute largely. A white 
precipitate indicates Bismuth. A few drops of 
dilute Sulphuric Acid cause a white insoluble 
precipitate, Lead. The addition of Ammonia 
causes a blue precipitate soluble in excess, giving 
a deep blue fluid, Copper, 

The precipitate with Sulphuretted Hydrogen 
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DISSOLVES IN THE SuLPHID OF AmMONIOM. Add 
a few drops of dilute Hydrochloric Acid, The 
precipitate is yellow, Tin. It is black, then dis- 
solve in Nitro-Hydrochloric Acid, and evaporate 
nearly to dryness. Dilute with a little water and 
add a few drops of Proto-chlorid of Tin. A deep 
red colour. Platinum. A few drops of strong Ni- 
tric Acid cause a deep purple colour. Gold. 
. (5.) To the solution in which the Hydrochloric Acid or 
the Hydrosulphuric Acid has produced no precipitate, 
add a few drops of strong Nitric Acid and heat until 
all smell of Sulphuretted Hydrogen has passed off. 
Now add Cklorid of Ammonium And Ammonia to slight 
Alkaline reaction. 
No Precipitate. Pass on to (C) for Iron, Aluminum, 
Chromium, Zinc, Cobalt, and Nickel are not 
present 
A WHITE PRECIPITATE insoluble in an excess, Aluminum. 
A WHITE PRECIPITATE soluble in an excess, but precipi- 
tated upon addition of Hydrosulphuric Acid, Zinc. 
A DIKTY GREEN PRECIPITATE, without change upon addi- 
tion of Sulphid of Ammonium, Chromium. 

A RED PRECIPITATE, SeSQUI-COMPOUND OF IrON. 

An apple green precipitate, soluble in an excess, 

Nickel. 
A BLUE PRECIPITATE, dissolving in excess, and giving a 

reddish-brown solution. Cobalt. 
(C.) To the solution in which Ammonia in the presence 
of Chlorid of Ammonium has caused no precipitate 
add a few drops of the Sulphid 0/ Ammonium. 
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No PRECIPITATE. Pass on to {Ef), for no Manganese is 

present. 
A FLESH-COLOURED precipitate, Manganese. 
(/>.) To the solution in which neither of the above re- 
agents has caused a precipitate, add a few drops of 
Carbonate of Ammonia and warm. 
No PRECIPITATE. Pass on to IE), for there is no Cal- 
cium, Strontium or Barium present. 

A WHITE PRECIPITATE. CaLCIUM, STRONTIUM Or BakIUM. 

Take a fresh portion of the solution and add to it a 
few drops of Sulphate of Lime. A white preci- 
pitate that makes its appearance immediately. 
Barium. Only after some time, Strontium. No 
precipitate. Calcium. 
(E) To the fluid in which the Carbonate of Ammonia 
has failed to produce a precipitate, add some Phosphate 
of Soda. 
No precipitate. Pass on to {F), for there is no Magne- 
sium present. 
A white precipitate. Magnesium. 
(7^) To a fresh portion of the fluid add Hydrate of Soda 
and warm. 

No ODOUR OF Ammonium indicates the absence of 
this substance. 
Evaporate a fresh portion to dryness, moisten a piece of 
platinum wire and dip it into the residue. Heat it in 
the flame of the lamp. 
It colours the flame yellow. Sodium. 
It colours the flame violet. Potassium. 
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Section 69. 
Detection of Metals — Complex Compounds. 
To the solution if not already made acid by Hydro- 
chloric Acid, add a few drops of tiiis acid. 
No PRECIPITATE. Pass on to (G), for there is no Suboxid 
OF Mercury or Silver present And if Lead, 
only in small quantities. 
A WHITE PRECIPITATE, Chlorids OF Lead, Silver and 
the Sob-chlorid of Mercury. (If the solution 
was an alkaline one, this may be due to the sepa- 
ration of Silicic Acid, Tekoxid of Antimony, 
Arsenious Acid, or Boracic Acid. The three 
latter are soluble in an excess of the acid, while the 
first may be detected by its gelatinous character, &c,) 
Filter, keeping the filtrate for detection of other 
Metals, as under {G). 
Wash the precipitate with hot water, adding the wash- 
water to the rest of the solution. 
It is all dissolved, probably Lead. 
It is not all dissolved. Pour upon the precipitate 

upon the filter Ammonia. 
It is all dissolved. Silver, Examine the filtrate for 

this. 
It turns black. .Subchlorid of Mercury. Dissolve 
in strong Nitric Acid and test the solution as 
under Suboxid of Mercury. (The ammoniacal 
filtrate should be examined for Silver in all cases.) 
(C) To the filtrate from the Hydrochloric Acid precipi- 
tate, or the solution in which the Hydrochloric Acid 
failed to produce a precipitate, add Hydrosulphuric 
Acid until the fluid smells distinctly of it, and .warm. 
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No PRECIPITATE. Pass on to (K), for there are no metala 
of the fifth or sixth groups present ■ 

A PRECIPITATE. Filter and wash, keeping the filtrate for 

further examination, as under (AT). 
To the precipitate upon the filter add Sulphid of 

Ammcnium. 
It is NOT DISSOLVED. Pass on to {H), for there are no 

metals of the sixth group present. 

The PRECIPITATE OR A PART OF IT IS DISSOLVED IN SUL- 

PHiD OF Ammonium. (Ascertained by diluting a 
portion of the filtrate from the treatment with 
Sulphid of Ammonium, and adding dilute Hydro- 
chloric Acid.) 
Dilute the solution in Sulphid of Ammonium, add 
dilute Hydrochloric Acid to acid reaction, and 
warm. Filter and wash. To the precipitate upon 
the filter add Carbonate of Ammonia. 

None of the precipitate is dissolved. (Ascertained 
by adding Hydrochloric Acid to the solution, and 
then Hydrosulphuric Acid.) Absence of Ar- 
senic 

A PORTION IS DISSOLVED, ArSENIC, 

(«,) Wash, and dissolve the precipitate, if any remains 
undissolved in the Carbonate of Ammonia, in Nitro- 
Hydrochloric Acid. Evaporate until all the Nitric 
Acid, with all the free acid, has been driven ofE Add 
then Sulphate of Soda and allow to stand. 

No PRECIPITATE. Pas9 On tO {b), for there is no Tin pre- 
sent 

A WHITE PRECIPITATE, TiN. Filter and wash. 
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{&.) To the filtrate from a add crystals of Sulphate of 
Protoxid of Iron, and allow to stand for a short time in 
a warm place. 

No PRECIPITATE. Pass on to (c), for there is no Gold 
present, 

A BROWN PRECIPITATE, GoLD, Filter. 

(c.) To the filtrate from {6), add Hydrate of Soda to alka- 
line reaction, and heat for a few minutes ; then add 
Hydrochloric Acid, to acid reaction. All the precipi- 
tate dissolves. Pass on to (</), for there is no Plati- 
num present. 
A black residue remains, undissolved Platinum. Fil- 
ter, 
(i^.) To the filtrate from if), or to the fluid in which there 

is no residue undissolved, add Hydrosulpkuric Acid. 
No PRECIPITATE. Absence of Antimony. 
An orange-red Precipitate, Antimony. 
(//".) Treatment of the portion undissolved in Sul- 
PHiD OF Ammonium. 
To the precipitate remaining upon the filter undis- 
solved in Sulphid of Ammonium, add strong Nitric Add 
with Hydrochloric Acid, and evaporate the solution nearly 
to dryness. Dilute and add dilute Sulphuric Add: 

No precipitate. Pass on to {e), for there is no Lead 

present. 
A white PRECiprrATE, Lead. Add the acid until there 

is no longer any precipitate, and filter, 

(ff.) To the filtrate from the Sulphate of Lead or the solu- 



:,q,t,=cdbvGoOg[c 



^6 ACTUAL ANALYSIS. 

^ "■ tion in which Sulphuric Acid has failed to produce a 
precipitate, add Ammonia until the fluid smells dis- 
tinctly of it. 

A PRECIPITATE IS FORMED, BiSMUTH OR MeRCURY. 

Filter and wash with water, to which a few drops of 
Ammonia have been added. 

The FILTRATE IS COLOURLESS, Pass on to (/), for Copper 
is not present. (To be sure that there may not be 
a trace of Copper present, acidulate the filtrate 
with Hydrochloric Acid, and add Ferrocyanide of 
Potassium.) 

The FILTRATE IS COLOURED BLUE, CoPPER. 

(/) Pour upon the precipitate remaining undissolved 
upon the filter, and which may be Teroxid of Bismuth 
or Protoxid of Mercury, or both, a few drops of solution 
of Cyanid of Potassium. 
None is dissolved. (Ascertained by adding to the fil- 
trate Hydrosulphuric Acid.) Absence of Protoxid 
of Mercury. 
A PORTION OB ALL IS DISSOLVED, MERCURY. If any re- 
mains undissolved upon the filter, it must be Ter- 
oxiDOF Bismuth. Dissolve in Hydrochloric Acid, 
and test for this metal. 
{K) Treatment of the fluid in which Hydrochloric 
OR Hydrosulphuric Acid has produced no 

PRECIPITATE, OR THE FILTRATE FROM THE PRECI- 
PITATE. 

To the fluid in which neither Hydrochloric Acid nor 
Hydrosulphuric Acid has produced a precipitate, or to 
the filtrate from these precipitates, add Cklarid of Ammo- 
nium and Ammonia until the fluid smells distinctly of the 
latter, and Aben no matter whether theVimmonia has pro- 
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duced a precipitate or not, add Sulphid of Ammonium 

and warm. 

No PRECIPITATE. Pass on to {L), for there are no mem- 
bers of the third and fourth groups present. 

A PRECIPITATE. Filter and wash, saving the filtrate for 
testing for members of the first and second groups, 
as at {L). 
Wash the precipitate with very dilute cold Hydro- 
chloric Acid. 

It all dissolves. Absence of Nickel and Cobalt. 
Pass on to {g). 

The whole or a portion remains undissolved as a 
black residue upon the filter, Nickel, Cobalt, 
or both. Dissolve in strong Nitric Acid, and add 
Ammonia in excess, and allow to stand in a warm 
place for twenty-four hours. All the Nickel will 
be precipitated out, while the Cobalt will remain 
in solution, giving a red-coloured fluid. 

{£) To the portion dissolved in Hydrochloric Acid 
add a few drops of strong Nitric Acid, and heat until 
all %Ta.€i\.Ql Hydrosulphuric Acid^-a& disappeared. Now 
add Ammonia to alkaline reaction, and then Acetic 
Add-to a very slight acid reaction, and heat to boiling. 

No precipitate. Pass on to (k), for there is no Alumi- 
num or Iron present. 

The precipitate is white. Aluminum, 

The precipit*m'is red, Iron. (But Aluminum maybe 
present, and in order to test for this, dissolve the 
precipitate in Hydrochloric Acid, and add to the 
solution aji excess of Hydrate of Soda Filter. 
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and to the filtrate add Chloride of Ammonium. 
A white precipitate upon warming indicates the 
presence of Aluminum, 
The character of the Iron may be detected by test- 
ing the original solution as under Iron.- 
(A.) To the solution in which Ammonia and Acetic Acid 
have produced-no precipitate, or to the filtrate from this 
precipitate, add more Acetic Acid and allow to cooL 
Now add Hydrosulphuric Acid. 
No PRECIPITATE. Absence of Zinc Pass on to {k). 

A WHITE PRECIPITATE indicates the presence of Zinc, 
Filter and treat the filter as under (i). 

(A) To the filtrate from (A), add Ammonia to alkaline re- 
action and then Sulphid of Ammonium and warm. 

No PRECIPITATE. Absence of Manganese and Chro- 
mium. 

a flesh-coloured precipitate, manganese. 

A DIRTY GREEN PRECIPITATE, ChROMIUM. 

If the presence of both these be suspected, dissolve , 
the precipitate in Hydrochloric Acid, and nearly 
neutralize with Carbonate of Soda, and then to 
the cold solution add an excess of Carbonate of 
Baryta. Allow to stand for half an hour, stirring 
frequently. Filter, and to the filtrate add Am- 
monia and Sulphid of Ammonium. 

No PRECIPITATE, ABSENCE of Manganesc. 

A FLESH-COLOURED PRECIPITATE, Manganese. 
Dissolve the Carbonate of Baryta undecomposed upon 
the filter, in Hydrochloric Acid, neutralize with 
Ammonia, and add Sulphid of Ammonium. 
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No PRECIPITATE, absence of Chromium. 

A GREEN PRECIPITATE, CHROMIUM. 

{L.) To the solution in which none of the preceding re- 
agents have produced a precipitate or the filtrate from {k), 
add Carbonate of Ammonia and warm. , 

No PRECIPITATE. Pass Oil to {/), as there is neither Bari- 
um, Strontium, nor Calcium present. 

A WHITE precipitate, Barium, Strontium or Calcium. 

Filter, and dissolve the precipitate in Hydrochloric 

Acid and add Sulphate of Lime. 

No PRECIPITATE, cvcn after standing for 'some time. 

Absence of Barium and Strontium, 

A white precipitate appearing only after the lapse 

of several minutes. Strontium. 
A white precipitate appearing immediately indicates 
presence of Barium. 
To another portion of the same solution add Ammo- 
nia to alkaline- reaction, and then Oxalate of Ammonia. 
A white precipitate. Calcium. 

(/.) To the fluid in which Carbonate of Ammonia has 
failed to produce a precipitate, add some Phosphate of 
Soda. 

A white precipitate. Magnesium. 

No precipitate, absence of Magnesium. Pass on to (m). 

(ot.) To a portion of the original solution, add Hydrate 
of Soda and boil. 

No smell of Ammonia is given off, absence of that 
body. 
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Evaporate another portion to dryness, and place a 
small portion on a piece of platinum wire, and heat it in 
the alcohol flame. 

A YELLOW COLOUR, SODIUM. 
A VIOLET COLOUR, PoTASSIUM, 

In case the colour is yellow, it will be well to look at the 
flame of the lamp through a cobalt blue glass. 
A red flame, Potassium, 

The flame not seen, but only the heated wire, indicates 
absence of Potassium, 

Section JO. 
Detection of Acids. 
Compounds Soluble in Water. 
Consider what acids form soluble compounds with the 
metals found in the previous sections. 
Arsenious and Arsenic, Carbonic, Hydro -Sulphuric, 
Chromic, and Silicic Acids have already been de- 
tected, if present, during the examiQation for bases. 
See Section 68 or 69. 
To a portion of the neutral solution add Cklorid of Ba- 

No precipitate.* Absence of Sulphuric, Phospho- 
ric, Chromic, and Silicic Acids, as well as 
notable quantities of Boracic and Hydro-fluo- 
ric Acids, Pass on to (A). 

• If the solution contains a. considerable quantity of an ammoniacal 
salt, the non-formation of a. precipitate cannot be considered as con- 
clusive evidence of the absence of these acids, since the Salts of 
Barium, with the exception of the Sulphate, are more or less soluble 
in water containing Ammoniacal Salts in solution. 
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A WHITE PRECIPITATE insoIublc io Hydrochloric Acid. 
If the precipitate is gelatinous, the acid may be 
Hydrofluoric ; if a white powder, Sulphuric. To a 
fresh portion of the fluid, add Sulphate of Lime ; 
if there is a precipitate it must be from the pre- 
sence of Fluorine. No precipitate indicates the 
presence of Sulphuric Acid. 
(A.) Neutralize a portion of the original solution and 

add a few drops of Nitrate of Silver. 

No PRECIPITATE indicates that there are no Chlorids 
Bkomids, Iodids, Cyanids, Ferrocyanids, Fer- 
RiCYANiDS or SuLPHiDS, present ; and if the so- 
lution is nearly neutral, that all Phosphates, Ar- 
SENiTES, Arsenates, Chromates, Silicates and 
Oxalates are absent. In order to be sure that 
the last mentioned acids are not present, pass on 
to (B). 

A PRECIPITATE IS FORMED, It may consis^.of any of the 
above-mentioned acids. Where there is only one 
acid present, the colour of the precipitate may indi- 
cate its constitution ; • but in the case of complex 
compounds, all the acids must be sought for. 
Add to the fluid dilute Nitric Acid. 

The PRECIPITATE IS DISSOLVED. Pass on to (B), for 
neither Chlorine, Bromine, Iodine, Cyanogen, 
Ferrocyanogen, Ferricyanogen, nor Sulphur, 
is present. 

The precipitate is not dissolved, or a portion remains 

undissolved. Filter and save the filtrate for 

•Chlorid, Bromid, Cyanid and Ferrocyanid of Silver are while, as 

are the Oxalate, Silicate and Borate; lodid. Phosphate and Arsenit, 

are yellow ; Arsenate and Feiricyanid, brownish-red ; Cfaromate 

purplish-red, and the Sulphid is black. 
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examination, as under (B). The residue may consist 

of a Chlorid, Bromid, Iodid, Cyanid, Ferro- or 

Fekricyanid, and if black, of a Sulphid {detected 

in the preliminary examination), 

(i.) Acidulate a portion of the original solution with 

Hydrochloric Acid, and add a few drops of the Sesqui- 

cklorid of Iron. 

A BLUE PRECIPITATE indicates the presence of a Fer- 

ROCYANID, 

The liquid is coloured brownish-red. A Ferricy- 
ANiD is present. Test with a proto salt of Iron. 

(2.) Cyanogen, if present, will have been detected, in the 
preliminary examination. 

(3.) To detect the Chlorine, Bromine and Iodine when they 
occur together, add to a portion of the original solution 
a little Sulphuric Acid, then a solution of Starch, with 
a few drops of strong Nitric Acid. If Iodine is present, 
the liquid will be coloured blue. Now add Chlorine 
■water drop by drop, and the solution, if Bromine is pre- 
sent, will turn brown. A small portion of Ether, 
agitated with the fluid, will become a deep red, the 
liberated Bromine being dissolved in it. When the 
precipitate with the Nitrate of Silver insoluble in Nitric 
Acid, has been a considerable one, and only small 
quantities of Bromine and Iodine have been detected, 
there can be no doubt but that Chlorine also is 
present 

(3.) Or, if Iodine has been detected by the Starch solu- 
tion, add to a fresh portion of the fluid an excess of a 
solution of the Sulphate of the Protoxid of Iron, and 
then Sulphate of Copper as long as there is a precipi- 
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tate. All the Iodine will be precipitated as the Sub- 
iodid of Copper. Filter and evaporate the filtrate to 
dryness.^ Now mix the residue with some Bichromate 
of Potassa ; add strong Sulphuric Acid and heat, 
having first fitted the mouth of the test tube with 
a glass tube, to carry off the volatile products. A red- 
dish vapour comes off which colours an Ammonia solu- 
tion red Chlorine. 

The gas when passed into the Ammonia does not 
colour it Bromine. 

(B.) Solution in which Chlorid of Barium or Nitrate of 
Silver has failed to produce a precipitate insoluble in 
an Acid solution. 

To a portion of the original fluid, or to the filtrate from 
(A), made as nearly neutral as possible, by the addition of 
Ammonia, add Chlorid of Calcium. 
No PRECIPITATE indicates that there is no Oxalic, Phos- 
phoric, or Boracic atid present.* Pass on to (B). 
A PRECIPITATE, insoluble in dilute Acetic Acid, indicates 
the presence of Oxalic Acid. If soluble in 
Acetic Acid, it may be Phosphoric, Boracic, or 
Arsenic Acid- The latter, if present, has been 
detected in the examination for metals, and may be 
removed by Hydro-sulphuric Acid. 
Acidulate a portion of the original solution after it has 
been concentrated with a few drops of Hydrochloric 
Acid, and dip into it a piece of Tunneric paper. If 
when this is dried, the moistened portion is turned 
brown, Boracic Acid is present. 

• If the solution is very dilute, the Boracic Acid may not be pre- 
cipitated, and if not quite neutral, or slightly alkaline, there may tie 
no j>redpitate of the Phosphoric Acid. 
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Add to a portion of the original solution. Sulphate of 
Magnesia, and Ammonia. A white crystalline preci- 
pitate indicates that Phosphoric Acid is present. 

(C.) The fluid in which neither Chtorid of Barium, 
Nitrate of Silver, nor Chtorid of Calcium, has produced a 
precipitate ; or which has been filtered from these preci- 
pitates, may contain Nitric, Chloric, or Acetic Acids. 

Test a portion with a protosalt of Iron, for Nitric Acid. 

Evaporate a small portion to dryness, and add Hydro- 
chloric Acid. Yellow fumes and the smell of Chlorine 
indicate the presence of Chloric Acid. 

To another portion of the dry substance, add strong 
Sulphuric Acid and Alcohol. An etherial smell indicates 
the presence of Acetic Acid. 

If Silicic Acid has not been found, and its presence is 
suspected, add to the fluid an excess of Hydrochloric Ada 
evaporated to dryness, Dissolve up the residue in dilute 
Nitric Acid, and if a colourless, gritty, insoluble jMwder 
remains, it indicates the presence of Silicic Acid. 

Chromates are easily detected by the red colour of the 
solution, and the reaction with Hydrosulphuric Acid in 
the examination for the detection of metals. 



Section 70. 
Detectiox of Acids. 
Compounds Insoluble in Water. 
As all Chlorates and Nitrates are soluble, these 
Acids cannot be present. 
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Dissolve the substance insoluble in water in Nitric or 
Hydrochloric Acids, and examine for Acids as under 
Sec. 70. 

All SuLPHiDS, Chromates, Chlorids, Iodids, Bromids, 
Fluorids, Ferro and Ferricyakids, have been detected 
in the preliminary examination. 

In case of an insoluble sulphate, or silicate, it can be 
fused with Nitrate of Potassa, Carbonate of Soda, and 
Charcoal, as in Sec. 67, and the solution examined for 
the Sulphuric or Silicic Acids. 
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